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Interictal regional slow activity in temporal lobe
epilepsy correlates with lateral temporal
hypometabolism as imaged with *FDG PET:
neurophysiological and metabolic implications

Michael Koutroumanidis, Colin D Binnie, Robert D C Elwes, Charles E Polkey,
Paul Seed, Gonzalo Alarcon, Tim Cox, Sally Barrington, Paul Marsden,
Michael N Maisey, Chrysostomos P Panayiotopoulos

Abstract

Objectives—The phenomenon of interic-
tal regional slow activity IRSA) in tempo-
ral lobe epilepsy and its relation with
cerebral glucose metabolism, clinical
data, MRI, and histopathological findings
was studied.

Methods—Interictal "“F-fluorodeoxyglu-
cose positron emission tomography (FDG
PET) was performed under continuous
scalp EEG monitoring in 28 patients with
temporal lobe epilepsy not associated with
intracranial foreign tissue lesions, all of
whom subsequently underwent resective
surgery. Regions of interest (ROIs) were
drawn according to a standard template.
IRSA was considered lateralised when
showing a 4:1 or greater ratio of predomi-
nance on one side.

Results—Sixteen patients (57%) had later-
alised IRSA which was always ipsilateral
to the resection and of maximal amplitude
over the temporal areas. Its presence was
significantly related to the presence of
hypometabolism in the lateral temporal
neocortex (p=0.0009). Logistic regression
of the asymmetry indices for all measured
cerebral regions confirmed a strong as-
sociation between IRSA and decreased
metabolism of the posterior lateral tem-
poral neocortex only (p=0.009). No signifi-
cant relation could be shown between slow
activity and age at onset, duration of the
epilepsy, seizure frequency, and MRI evi-
dence for hippocampal atrophy. Further-
more, IRSA was not specifically related to
mesial temporal sclerosis or any other
pathology.

Conclusions—Interictal regional slowing
in patients with temporal lobe epilepsy not
associated with a mass lesion is topo-
graphically related to the epileptogenic
area and therefore has a reliable lateralis-
ing, and possibly localising, value. Its
presence is irrelevant to the severity or
chronicity of the epilepsy as well as to lat-
eral deactivation secondary to neuronal
loss in the mesial temporal structures.
Although slow EEG activity is generally
considered as a non-specific sign of func-
tional disturbance, interictal regional
slowing in temporal lobe epilepsy should
be conceptualised as a distinct electro-
graphic phenomenon which is directly

related to the epileptogenic abnormality.
The strong correlation between interictal
regional slowing and lateral temporal
hypometabolism suggests in turn that the
second may delineate a field of reduced
neuronal inhibition which can receive
interictal and ictal propagation.

(¥ Neurol Neurosurg Psychiatry 1998;65:170-176)
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Regional delta activity, either continuous and
polymorphic or intermittent and rhythmic, is
the most common EEG abnormality caused by
underlying mass lesions," ? is usually associated
with white matter and thalamic locations, and
is thought to reflect a deafferentiation of the
overlying cortex.’ Interictal regional slow activ-
ity (IRSA) is often seen in patients with partial
epileptic seizures, and in this context it may be
considered a reliable lateralising sign when
adequately supported by ipsilateral epilepti-
form discharges. However, little attention has
been focused on IRSA and the few relevant
studies have dealt only with its lateralising
value.*” The conditions required for the
appearance of IRSA in partial epilepsy, its
inherent characteristics, and the underlying
pathophysiological mechanisms remain largely
obscure.

Functional brain imaging with "*F-fluoro-
deoxyglucose positron emission tomography
(FDG PET) in partial epilepsy has proved to
be the most reliable test for identifying the
functional deficit zone in the form of regional
hypometabolism which usually includes the
ictal onset zone.® In temporal lobe epilepsy
reduced interictal metabolism of the epilep-
togenic temporal lobe occurs in 70%-95% of
patients® " and typically is much larger than the
histopathological lesion'* but the pathophysi-
ological determinants of its extent are still
unclear.

In a previous report on the association
between interictal cerebral glucose metabolism
and EEG changes in patients with partial
seizures, Engel et al'’ found no quantitative rela-
tion between the degree of focal hypometabo-
lism and the frequency of interictal EEG spikes,
but their results regarding non-epileptiform
electrophysiological abnormalities were less
clear. In the present study, we investigated the
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phenomenon of IRSA and its relation with cer-
ebral metabolism in patients with temporal
lobe epilepsy who underwent FDG PET
during concurrent scalp EEG monitoring. As
our aim was to study a pure culture of IRSA it
was imperative to eliminate any significant
deafferentiation effects; therefore patients with
intracranial mass lesions were excluded.

Patients and methods

Patients were consecutively selected from a
large series of surgical candidates with medi-
cally intractable partial seizures, referred for
brain FDG PET in St Thomas’ Clinical PET
Centre. Inclusion criteria were (@) a single
temporal epileptogenic focus demonstrated by
EEG recordings, and (b) no evidence of intra-
axial foreign tissue lesion on brain MRI. No
patient had any neurological condition other
than epilepsy, nor any acute or chronic medical
illness at the time of the PET study.

PET-EEG STUDIES

Continuous scalp EEG monitoring, starting
about 5 minutes before the tracer injection and
lasting for 35-40 minutes, is routinely prac-
tised in St Thomas’ Clinical PET Centre to
confirm the interictal state of the patient or
assist in scan interpretation when a seizure
occurs. Thus, eye opening and closing ma-
noeuvres, and activation methods such as
intermittent photic stimulation and hyperven-
tilation are not often used. Electrodes are
placed according to the international 10-20
system and patients are continuously observed
for ictal clinical manifestations. Patients with
traces containing too much artifact were
excluded from the study. Preadolescent pa-
tients were also excluded as asymmetric
temporal slow activity mainly over the poste-
rior areas is often seen as a physiological
variant. The seizure type and recency and the
number of seizures reported within the past 24
hours were noted to exclude patients with pos-
tictal recordings. Because the exact duration of
postictal slowing has not been investigated, we
reviewed the postictal EEG tracings in 12
habitual seizures (six complex partial seizures
(CPS) and six secondary generalised tonic-
clonic seizures (GTCS)), recorded in eight of
our patients who underwent prolonged preop-
erative video telemetry. EEG was transcribed
on to paper, continuously for the first hour
after the seizure, and intermittently thereafter
in spike free sections of 20-30 seconds about
every 5 minutes, and tracings were visually
assessed for any persistent focal slowing. Con-
tinuous slow activity was visually identifiable
up to 23 minutes at the most after a CPS, and
up to 2 hours after a secondary GTCS. These
time limits are well outlasted by those set by
Panet-Raymont and Gotman who considered
the EEG postictal when recorded within one
hour of a CPS and eight hours of a GTCS’;
therefore analysis of additional postictal EEG
tracings was not deemed necessary for the pur-
pose of this study. Twenty eight patients (20
men and eight women) with seizure recency at
the time of PET ranging from 8 hours to 3
weeks (median 5 days) with less than 12 hours
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in only three patients with CPS, had clearly
interictal recordings and fulfilled all inclusion
criteria. PET-EEGs were visually identified by
two independent electroencephalographers
who were blind to PET results and patient
identity. None of these recordings contained
any electrographic seizure. Epileptiform abnor-
malities and focal or regional slowing showing
a 4:1 (75%) or greater ratio of predominance
(in terms of spike frequency and time of
appearance respectively) on one side were con-
sidered lateralised. Findings were compared
with those of the previous scalp EEGs for each
patient to evaluate consistency. Seizure recency
in the previous recordings ranged from 6 hours
to 3 weeks (median 3 days) with three missing
values.

FURTHER EEC STUDIES

All patients had standard and sleep activated
interictal scalp EEG studies. Twenty three
patients had in addition ictal recordings
obtained with video telemetry, of whom there
were 17 with foramen ovale, two with subdural
strip, one with subdural mat and strip, and
three with scalp electrodes. All intracranial
recordings were performed after the PET stud-
ies. In the remaining five patients, ictal studies
were not considered necessary as typical ante-
rior temporal spike discharges were strongly
lateralised and concordant with the other
investigations.

PET STUDES

All patients underwent interictal brain PET
using ""FDG. Scans were performed after a 6
hour fast using an ECAT 951R whole body
scanner (Siemens CTI/Knoxville TN). Pa-
tients were injected intravenously with 250
MBq "FFDG, with eyes closed in a quiet room
adjacent to the scanner. Any unnecessary com-
munication during the tracer uptake period
was discouraged. Patients were positioned
supine within the field of view of the camera
and images from skull base to vertex were
acquired over a period of 30 minutes com-
mencing 30 minutes after tracer injection.
Thirty one slices were produced over a 10.6 cm
axial field of view with six sequential static
scans of five minutes duration acquired.
Frames were then summed to produce high
quality images, with those showing excessive
movement rejected. Attenuation correction
was performed using the method of Bergstrom
et al'® and the complete set of image planes was
reconstructed and smoothed to obtain an
image data set with a spatial resolution of 8.5
mm in all three orthogonal directions. The
scans were visually interpreted by two nuclear
medicine physicians, blind to patient identity,
with any differences resolved by consensus.
Semiquantitative analysis of transaxial slices
(cut parallel to the long temporal axis) was
performed by positioning under visual guid-
ance multiple 7 mm circular regions of interest
(ROIs) over fixed sites in the brain using a
template designed for the purpose (fig 1).
Counts (cts) within these regions were aver-
aged to provide 10 anatomical paired regions
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Figure 1 Template of regions of interest. DF=dorsolateral frontal; P=parietal; BG=basal ganglia; Th=thalamus;
OC=occipital; Tt=temporal tip; Lta=anterior lateral temporal; LTp=posterior lateral temporal; MT=mesial temporal.

for which asymmetry indices (Als) were calcu-
lated as follows:

Al = (cts in left ROI-cts in ROI right/sum of
cts in both ROIs) x 200%

All patients were taking anticonvulsive
medication at the time of PET imaging.

MRI STUDIES

Standard qualitative brain MRI studies were
performed in all patients and included T1 and
T2 weighted images. For 25 patients MR
images were obtained on a 1.5T General Elec-
tric Signa Advantage scanner (GE Medical
Systems, Milwaukee) using a 3-D coronal
volumetric spoiled gradient echo sequence
(SPGR) with a flip angle of 35°, TR33, and
TE5. One hundred and twenty four 1.5 mm
contiguous slices were obtained using a 22 cm
field of view and a matrix size of 256%192 to
cover the whole cerebrum. When no abnormal-
ity could be ascertained on visual analysis, hip-
pocampal volume measurements were under-
taken. Hippocampal volumetry was not
possible in three qualitatively normal scans
performed in other centres.

RESECTIVE SURGERY AND HISTOPATHOLOGY
Twenty seven patients subsequently underwent
standard anterior temporal lobectomy (11

right, 16 left) and one left sided selective amy-
gdalohippocampectomy. Histopathology con-
firmed mesial temporal sclerosis in 24 patients
and additional cortical dysplasia in two of
them, cortical dysplasia alone in the parahip-
pocampal gyrus in one, and non-specific gliotic
changes in three . The postoperative follow up
period exceeded one year in only 20 patients,
therefore correlation of the different variables
with the outcome was not attempted.

STATISTICAL ANALYSIS

Statistical analysis included Student’s 7 test
with unequal variances, y*> with Yates’ correc-
tion, and logistic regression.

Results

CLINICAL DATA

The median age at PET examination was 23
years (range 14 to 52 years). The median age at
seizure onset was 6 years (range 6 months to 28
years), and the median duration of the disease
before PET examination was 16 years (range 6
to 44 vyears). All patients had CPS with
frequency at the period of the investigation
ranging from 0.07 to three a day (median
0.33). Secondarily generalised seizures oc-
curred in 18 patients (64 %) with an estimated
frequency ranging from three a year to nine a

Table 1 FDG PET, interictal EEG, MRI, and histopathological findings in 28 patients with temporal lobe epilepsy

PET Interictal temporal spikes Intericral slow activity MRI Histopathology
Metabolic pattern Patients Correct  Incorrect  No laterality Correct  Incorrect  No laterality Abnormal*  Normal MTS Other
Abnormal 24 17 1 6 15 — 9 20 4 22 2
Unilateral temporal 23 17 1 5 15 — 8 19 4 21 2
Mesial 5 2 — 3 — — 5 5 — 52CD) —
Mesial>lateral 2 1 — 1 1 — 1 2 — 2 —
Lateral>mesial 11 11 — — 9 — 2 9 2% 10 1 ns
Mesial=lateral 5 3 1 5 — — 3 2F 4 1CD
Bilateral 1 — — 1 — — 1 1 — 1 —
Normal 4 2 — 2 1 — 3 1 3% 2 2 ns
Total 28 19 1 8 16 — 12 21 7 24 4

*Indicative of mesial temporal pathology.

+Hypomatabolism extended in extratemporal areas in 10 patients.
FVolumetric studies were not performed in one patient.
CD=cortical dysplasia; ns=non-specific changes.
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Figure 2 A run of almost monomorphic slow activity ar 2—3 Hz localised over the right
mid-temporal (A2) and posterior temporal (T6) area, spreading slightly to the anterior
temporallinferior frontal electrode (F8). This interictal EEG also showed typical right
anterior temporal spikes. The FDG PET disclosed extensive hypometrabolism of the right
lateral temporal neocortex, and the MRI was suggestive of mesial temporal sclerosis, which
was confirmed in histopathology. The patient remains seizure free 2 years after a standard
right anterior temporal lobectomy. Derivation=common average reference; high frequency
filters=70 Hz; time constant=0.3 s.

month. Fourteen patients had a history of pro-
longed, complicated, or multiple febrile con-
vulsions. Neurological examination was invari-
ably normal.

MRI STUDIES
Evidence of unilateral mesial temporal pathol-
ogy on brain MRI in the form of hippocampal
formation atrophy, increased hippocampal sig-
nal on T2 weighted images, or lateralising vol-
umetry, was present in 21 patients (75%), in all
ipsilateral to the side of the resection (table 1).
Hippocampal volumetry was normal in four
patients in whom visual analysis failed to
provide lateralising information. No other
abnormality was noted in any of the scans.

FDG-PET STUDIES
Qualitative visual analysis of PET images
disclosed one or more zones of hypometabo-
lism in 24 patients (85.7%) and normal meta-
bolic patterns in the remaining four. Regional
hypometabolism was unilateral and concord-
ant with the other investigations in 23 patients
and bilateral in one (table 1). In this patient
metabolism was equally depressed in the lateral
temporal areas on both sides (AI=6.1%) but
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clearly more in the right mesial temporal area
than the left (AI=16.9%). Reduced metabo-
lism of the lateral temporal neocortex was seen
in 19 patients and was not associated with any
of the clinical variables tested or the MRI find-
ings. Although metabolic depression involving
both mesial and lateral temporal areas was
found in most patients with medial temporal
sclerosis, or cortical displasia, or both, one
patient with extensive unilateral hypometabo-
lism more pronounced in the lateral temporal
neocortex had mild, non-specific changes
whereas two others with typical medial tempo-
ral sclerosis had entirely normal metabolism
(table 1).

CONTINUOUS SURFACE EEG MONITORING
The EEG findings and their relation to PET,
MRI, and histopathology are shown in table 1.

Interictal epileptiform discharges were noted
in 25 patients and were lateralised in 20 (in 19
patients to the side of the resection, and in one
to the other side). In the five patients with non-
lateralising epileptiform abnormalities, bitem-
poral independent focal or regional spiking was
noted in three, and mainly generalised dis-
charges in two patients.

Lateralised slowing was noted in 16 patients
(57%), in all ipsilateral to the side of the resec-
tion. In 14 of these it was recorded from the
temporal lobe exhibiting lateralised spiking,
whereas in the other two no clear epileptiform
abnormalities were noted. Its distribution was
relatively focal involving the anterior, mid, and
the posterior temporal electrodes in 11 patients
(fig 2), and more widespread, extending to
frontal or central areas in five. Slow activity was
mainly polymorphic and appeared most often
in runs of variable duration. The predominant
frequency was at 1.5-3 Hz, often admixed with
frequencies of up to 4.5 Hz, and the amplitude
was invariably greater over the temporal areas.
IRSA showed clear evidence of reactivity in
eight patients; eye opening resulted in elimina-
tion of slow waves in five and in significant
attenuation in three. The effect was reproduc-
ible and lasted for as long as the eyes remained
open. However, closing the eyes did not result
in an immediate reappearance of the abnor-
mality. No adequate information could be
obtained for the remaining eight patients as
recordings were performed mainly during the
“eyes closed” condition. However, IRSA in-
variably attenuated or disappeared during the
period around the radiotracer injection, when
the eyes were open, presumably with associated
visual fixation and enhanced mental alertness.

Comparison with the previous interictal
scalp EEGs showed that the occurrence or not
of IRSA was consistent for every patient.

RELATION BETWEEN IRSA AND PATTERN OF
INTERICTAL CEREBRAL METABOLISM

The presence of IRSA was significantly related
to the presence of hypometabolism in the
lateral temporal neocortex (p=0.0009) on
visual analysis. This metabolic pattern was evi-
dent in all patients with IRSA except one who
had qualitatively and quantitatively normal
metabolism. On the other hand, three out of 18
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Table 2 Logistic regression for indices of asymmetry in each region to predict interictal regional slow activity

Univariate Brivariate

Regions OR SEM 95% CI p Value OR SEM 95% CI p Value
Temporal tip 1.05 0.03 0.98-1.12 0.140 0.93 0.05 0.83-1.05 0.303
Anterior lateral temporal 1.06 0.03 0.99-1.12 0.060 0.94 0.05 0.84-1.04 0.278
Posterior lateral temporal 1.20 0.08 1.04-1.37 0.009 — — — —
Lateral temporal 1.12 0.05 1.01-1.23 0.022 0.87 0.10 0.69-1.10 0.267
Mesial temporal 1.00 0.04 0.92-1.09 0.944 0.87 0.07 0.74-1.03 0.132
Thalamus 1.14 0.09 0.96-1.35 0.125 1.05 0.10 0.87-1.27 0.587
Basal ganglia 1.18 0.12 0.95-1.45 0.130 0.95 0.13 0.71-1.25 0.713
Occipital 1.20 0.09 1.02-1.40 0.025 1.14 0.12 0.93-1.40 0.192
Dorsolateral frontal 1.10 0.08 0.94-1.27 0.222 0.97 0.10 0.78-1.20 0.761
Parietal 1.41 0.20 1.07-1.86 0.015 1.31 0.22 0.94-1.82 0.105

In bivariate logistic regression the effect of each region in turn was adjusted for the strongest predictor (posterior lateral temporal area).

patients with unilateral hypometabolism in-
volving the lateral temporal neocortex had no
lateralised IRSA, whereas the single patient
with extensive bilateral hypometabolism had
bilateral slowing. Univariate logistic regression
of the asymmetry indices for all measured cer-
ebral regions disclosed that the appearance of
IRSA was strongly associated with decreased
metabolism of the posterior lateral temporal
neocortex. Although a similar but less signifi-
cant relation seemed to exist between IRSA
and hypometabolism in parietal-occipital corti-
cal areas, bivariate analysis after adjusting for
posterior temporal neocortex asymmetry index
showed that no other area was significantly
linked to the appearance of IRSA (table 2).
Using a cut off limit of 10% for the AI of the
posterior lateral temporal area, 12 of the 16
patients with IRSA were above, and 10 of the
12 patients without IRSA were below this limit
(sensitivity 75%, specificity 83%).

The presence of correctly lateralised interic-
tal temporal spiking did not correlate with the
presence of a hypometabolic zone (p=0.141),
but showed a trend towards correlation with
the presence of lateral temporal hypometabo-
lism without reaching the 5% level (p=0.07).

RELATION BETWEEN IRSA AND CLINICAL, MRI,
AND HISTOPATHOLOGY DATA

No significant relation could be shown between
IRSA and either the MRI results, or any of the
clinical indices tested although the duration of
the disease showed an unexpected trend (mean
duration in patients with IRSA 15 (SD 8.67)
years; mean duration in patients without IRSA
22.75 (SD 11.7) years; p=0.071). Fourteen out
of 16 patients with lateralised IRSA had mesial
temporal sclerosis, one had cortical dysplasia
alone, and one had mild non-specific changes.
Of the 12 patients without IRSA, two had non-
specific pathology, and 10 had mesial temporal
sclerosis (two with additional cortical dyspla-
sia).

Discussion

INCIDENCE AND LATERALISING VALUE OF IRSA
Focal, non epileptiform abnormalities such as
interictal slow activity, postictal changes, and
deficits in fast frequencies, may provide useful
lateralising information in the non-invasive
stage of the preoperative evaluation process.
Among them interictal focal slow activity
remains generally unaffected by chronic antie-
pileptic drug therapy'’ and is easier to study, as

it requires neither ictal recordings nor barbitu-
rate or benzodiazepine administration. How-
ever, the relevant studies are few with a
reported incidence and lateralising value vary-
ing from 25% to 100%.*” Methodological dif-
ferences (criteria for lateralisation, visual versus
spectral analysis), and different patient selec-
tion criteria might explain these discrepant
findings. In the present study IRSA in the PET
EEG was visually identified in 16 out of 28
patients (57%) and was correctly lateralising in
all. In our patients the presence (or absence) of
regional slowing in the previous interictal scalp
EEG studies was consistent with the findings of
the PET EEG, showing the same distribution
when present. Gotman and Koffler'® also noted
that regional slow activity in partial epilepsy is
not subjected to significant day to day changes.

ON THE NATURE OF THE IRSA IN TEMPORAL LOBE
EPILEPSY

Relation with structural neurotmaging and
pathological variables

In this study IRSA was not associated with the
presence of MRI evidence of hippocampal
pathology, nor was it specifically related (and
by implication aetiologically linked) to medial
temporal sclerosis or to any other pathology
(cortical dysplasia, gliosis, or minor morpho-
logical changes). A practical implication from
these findings is that the role of IRSA as a reli-
able indicator of the epileptogenic focus in
temporal lobe epilepsy is not limited to cases in
which the pathology is mesial temporal sclero-
sis as it was previously suggested.” A theoretical
implication may be that, in the absence of
intracranial mass lesion, neocortical deafferen-
tiation secondary to hippocampal neuronal loss
is not a determinant for the generation of
interictal regional slowing.

Relation with clinical variables

In the present series statistical analysis showed
that IRSA was not related to disease duration,
age at onset, seizure frequency, and secondary
generalisation; therefore it is unlikely to reflect
merely a regional brain functional impairment
secondary to chronic epileptogenesis.

Topographic relation to epileptogenic zone

In our patients IRSA was invariably recorded
from the cortical areas overlying the epilep-
togenic focus confirming previous findings.’
Panet-Raymont and Gotman'® found a correla-
tion between slow activity and interictal spikes
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on electrocorticogram (ECoG) and noted that
the fact that maximum delta activity does not
always correlate with the area of maximal spik-
ing with respect to their spatial location does
not necessarily contradict the hypothesis that
both electrical phenomena originate from the
same abnormal area.

A general understanding of diffuse or
regional slow EEG activity is that it reflects in
a non-specific manner, a functional distur-
bance of diverse aetiology,” *' not necessarily
linked to focal epileptogenesis. In patients with
temporal lobe epilepsy not associated with
intracranial mass lesions; however, our findings
suggest that interictal regional slowing may be
conceptualised as a distinct electrographic
phenomenon which is directly related to the
primary epileptogenic abnormality (as irrel-
evant to neocortical deafferentiation secondary
to hippocampal neuronal loss, and chronic epi-
leptogenesis), and has a reliable lateralising and
possibly localising value.

IRSA AND INTERICTAL CEREBRAL GLUCOSE
METABOLISM

The present study is not the first to explore the
above relation. Engel et al” investigated the
relation between interictal cerebral glucose
metabolism and EEG changes monitored by
stereotactically implanted depth or scalp elec-
trodes in a less homogenous group of patients,
some of whom had demonstrable lesions on
CT. Although some relation between slow
waves and focal hypometabolism was seen, no
significant correlation was found between the
presence of focal non-epileptiform abnormali-
ties and the presence of a hypometabolic zone
or between the degree of focal hypometabolism
and the frequency of interictal spikes. How-
ever, these investigators did not distinguish
between mesial and lateral temporal hypome-
tabolism (LTH). We were unable to show a
relation between interictal spiking and the
presence of a hypometabolic zone, or a specific
metabolic pattern. We did show, however, in a
semiquantitative analysis of FDG PET images,
that the presence of IRSA which was consist-
ently recorded from the anterior, posterior, and
mid-temporal electrodes, was strongly related
to depressed metabolism of the posterior
lateral temporal neocortex. This pattern was
evident in most but not all of our patients (for
example, some of them had more intense
hypometabolism in the anterior rather than the
posterior lateral temporal neocortex), but was
manifested by the group averages. Some
discrepancy in the topography may be due to
the low spatial resolution of both PET and
EEG as well as to the fact that comparisons
were based on the different groups of ROIs
rather than the individual hypometabolic
ROlIs, as our aim was to evaluate possibly gross
and not detailed relation between IRSA and
cerebral metabolism. As in the case of IRSA,
and in accordance with previous studies,"” ** >
LTH was not related to factors reflecting the
severity or the chronicity of the epilepsy.
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IRSA AND POLYMORPHIC DELTA ACTIVITY
ASSOCIATED WITH CEREBRAL MASS LESIONS
Patients with destructive brain lesions show a
similar neocortical slow activity which is closely
associated with mainly deep white or subcorti-
cal grey matter locations.” As experimental
studies showed that purely cortical lesions
affecting only the grey matter were not associ-
ated with delta activity it has been suggested
that the latter results from some kind of corti-
cal deafferentiation and is generated by other-
wise relatively normal cortical neurons.’ Delta
activity in these cases may be continuous or
episodic but typically does not block to visual
attention and alerting procedures.”* By con-
trast, IRSA seems to be reactive and does not
seem to depend primary on cortical deafferen-
tiation.

IMPLICATIONS FOR THE PATHOPHYSIOLOGICAL
BASIS OF INTERICTAL CEREBRAL
HYPOMETABOLISM

Patients with mesial temporal lobe epilepsy
documented on depth EEG grounds may have
reduced metabolism in both medial and
lateral temporal areas, whereas some of
them even show extratemporal metabolic
depression.'® '* * Although some underestima-
tion of the degree and overestimation of the
extent of hypometabolism of mesial temporal
structures is expected due to the increase of the
partial volume averaging and decrease of the
recovery coefficient,” the involvement of the
lateral neocortex in mesial temporal lobe
epilepsy is still poorly understood.

It has been proposed that the metabolic
depression of the lateral temporal neocortex
may relate to its chronic deactivation due to the
primary neuronal loss in the hippocampal for-
mation and amygdala and the term “diaschisis”
has been used in this context.'* Pathological
studies, however, have shown no relation
between the degree of interictal temporal
hypometabolism and the amount of hippocam-
pal gliosis or cell loss,*” ** " and no correlation
was found between the magnitude of the
hippocampal volume asymmetry and the de-
gree of the lateral or mesial temporal hypome-
tabolism by most of the studies.”® That LTH in
temporal lobe epilepsy does not necessarily
reflect lateral deactivation due to hippocampal
cell loss is further supported by our present
findings confirming previous observations that
temporal hypometabolism can occur in the
absence of any identifiable pathology,” * and
that pathologically established mesial temporal
sclerosis is not necessarily associated with
abnormal interictal metabolism.®

An alternative hypothesis is that metabolic
changes in temporal lobe epilepsy may, at least
partially, relate to the mechanisms involved in
the generation and propagation of epileptic
activity. Leidermann ez a/° found a relative
increase in the metabolic rate of the epilep-
togenic temporal lobe after a partial seizure,
that tends to persist more after a complex par-
tial than after a simple partial seizure (48 and
24 hours respectively), indicating that postictal
metabolic changes may be graded according to
the magnitude of the preceding electroclinical
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event. Savic ez al’' showed that the spatial pat-
tern of interictal hypometabolism may be
influenced by the electroclinical expression of
the preceding partial seizure, being limited in
patients with strictly limbic seizures and more
extensive in those with subsequent limb
posturing. Schlaug ez al”® recently suggested
that the hypometabolic pattern shows not only
possible epileptogenic zones but also symp-
tomatogenic brain regions.

It is possible that the hypometabolic pattern
in temporal lobe epilepsy is multifactorially
determined as none of the so far implicated
factors (hippocampal neuronal loss, structural
changes of the lateral temporal neocortex,
electroclinical seizure pattern) has been shown
to exert an exclusive causative effect on it. It is
also uncertain to what extent regional hypome-
tabolism reflects a degree of epileptogenicity.
On the assumption that subclinical and clinical
ictal discharges propagate through neuronal
pathways of the lowest inhibitory potential, and
given the fact that neuronal inhibition is an
active process associated with increased glu-
cose metabolism,” it is suggested that interictal
regional hypometabolism in temporal lobe epi-
lepsy delineates a field of reduced rather than
increased inhibition with the reduction of the
inhibitory synaptic activity accounting for the
decrease of energy requirements. In this
context, the postictal relative increase of the
metabolic rate in the epileptogenic temporal
lobe™ can be attributed to inhibitory mecha-
nisms that are temporarily engaged to suppress
subsequent ictal events. The fact that IRSA
recorded on scalp EEG and interictal spiking in
acute EcoG™ propagate through hypometa-
bolic regions provides further support for this
hypothesis.
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